Purified helper-inducer (T4+) and suppressor-cytotoxic (T8+) lymphocytes from eight patients with acquired immunodeficiency syndrome (AIDS) and eight healthy heterosexual donors were examined by limiting dilution analysis for their ability to be clonally expanded. It was demonstrated that viable T4+ and T8+ lymphocytes from patients with AIDS had markedly reduced proportions of clonable cells compared to the healthy donors (T4 = 1:255 vs. 1:34, P = 0.06; T8 = 1:355 vs. 1:55, P = 0.01). However, the cloned T cells that were obtained from the patients with AIDS demonstrated normal proliferation in response to phytohemagglutinin and alloantigen, and normal ability to help or suppress pokeweed mitogen-driven IgG synthesis. These results strongly suggest that, in addition to a quantitative diminution of T4+ lymphocytes in AIDS, there is an intrinsic functional defect in the surviving T4+ and T8+ lymphocytes, which is reflected by a severe decrease in their potential for clonal expansion.
Introduction
The acquired immunodeficiency syndrome (AIDS)' is a recently recognized condition characterized clinically by the development of opportunistic infections and/or unusual neoplasms in previously healthy patients with no antecedent immune deficiency (1) (2) (3) (4) (5) . The infections are frequently due to protozoal, viral, fungal, or unusual bacterial organisms (6) , and their occurrence indicates a profound defect in cellular immunity (3) (4) (5) . Similarly, the neoplasms that occur in AIDS, including Kaposi's sarcoma and B cell lymphoma, also have an increased incidence in patients with other forms of cellular immunodeficiency (7, 8) .
Laboratory investigation of patients with AIDS has confirmed the presence of marked numerical and functional abnormalities in the cellular immune system, including diminished numbers (9, 10) and function (11) of circulating helperinducer (T4+) T cells, impairment or absence of delayed type hypersensitivity skin test responses (3) (4) (5) (12) (13) (14) , decreases in mixed lymphocyte and mitogen responses (3, 9, 11, 15) , diminished production of interleukin 2 (IL-2) and other lymphokines (16) (17) (18) , and low or absent antigen-specific responses both in vivo and in vitro (4, 19) . In addition, recent serologic and virologic studies have shown that most, if not all, patients with AIDS and pre-AIDS conditions are infected with cytopathic retroviruses, either human T lymphotropic virus III (HTLV-III) (20, 21) or lymphadenopathy-associated virus (LAV) (22) . Both of these viruses infect T lymphocytes, especially the T4+ (helper-inducer) subset (20, 23) , and it is likely that they are in fact identical viruses. Thus, the evidence is compelling that T-cell alterations are fundamental to the pathogenesis of AIDS.
The assessment of T-cell function in AIDS has been complicated by the great variability in the numbers and proportions of helper-inducer (T4+) and suppressor-cytotoxic (T8+) T cells that may be present in the peripheral blood of different patients. Thus, studies on peripheral blood cells from patients with AIDS have not resolved the question of whether the immune abnormalities in AIDS are entirely secondary to abnormal proportions and numbers of T lymphocytes, or whether an intrinsic abnormality of individual T cells is also present. A few studies have examined purified populations of T4+ and T&-lymphocytes from patients with AIDS (11) , but again the question of the functional capability of individual T cells has not been directly addressed.
The goal of the present study was to examine the function of cloned rather than heterogeneous populations of T cells or unfractionated peripheral blood mononuclear cells in patients with AIDS. It has previously been demonstrated that a high proportion of normal human peripheral blood T cells can be clonally expanded in vitro (24) . Therefore, we compared the clonability of both helper and suppressor T cells from AIDS patients with that of T cells from normal donors. In addition, because cloned T cells reflect the functional properties of their progenitor cells, we compared clones from patients with AIDS and clones from normal donors in terms of their responses to various proliferative stimuli, as well as their ability to provide help or suppression for immunoglobulin (Ig) synthesis.
Methods
Patients. Eight patients with AIDS, three healthy male homosexual volunteers, and 11 healthy heterosexual volunteers were studied. The clinical characteristics of the patients with AIDS are given in Table I . With the exception of patient 4, these patients were clinically stable, i.e., they were not hospitalized and were receiving minimal drug therapy. In general, the patients with AIDS either had Kaposi's sarcoma and were not on specific treatment, or had recently recovered from Pneumocystis carinii pneumonia with completion of an adequate course of antibiotic therapy.
Purification ofperipheral blood cells. In each of eight experiments, cells from one patient with AIDS and one healthy heterosexual donor were studied simultaneously. In each of three separate experiments, cells from one healthy male homosexual and one healthy heterosexual donor were studied. Heparinized peripheral blood was obtained from the healthy subjects, however, because of the severely decreased numbers of circulating helper T cells in the patients with AIDS (Table  I) , peripheral blood Iymphocytes from these patients were obtained in large numbers (200-40 X 106) by manual plasmapheresis (25) . Mononuclear cells were separated by density gradient centrifugation on Hypaque-Ficoll (26) , and purified T cells were obtained by rosetting mononuclear cells with sheep erythrocytes coated with 2-aminoethylisothiouronium as described (27). The cells obtained were >95% rosette positive.
Fractions enriched in T4+ and T8+ cells were then obtained by either negative or positive selection. For negative selection, T cells were treated with mouse anti-OKT8 or anti-OKT4 monoclonal antibody (Ortho Diagnostics, Raritan, NJ) followed by rabbit complement as described (28 (31) , the precursor frequency is equal to the cell density that would yield 37% negative wells. For further study, colonies having a >90% probability of true clonality by Poisson statistics were selected at random and expanded in medium containing IL-2 and feeder cells, as described above.
Immunofluorescence. Lymphocytes were stained with the mouse monoclonal antibodies anti-OKT4 and anti-OKT8 (Ortho Diagnostics) and anti-Leu 8 (Becton, Dickinson & Co., Oxnard, CA), by either indirect or direct immunofluorescence as described (28) . Assessment offunctional T-cell help and suppression ofIg synthesis. T cells of known helper (T4) or suppressor (T8) phenotypes were added to allogeneic responder B cells consisting of erythrocyte-rosettenegative peripheral blood mononuclear cells which had been depleted of monocytes by glass adherence. The responder B cells contained <5% monocytes, and were adjusted to contain 5-10% autologous t cells. Cells were incubated with and without pokeweed mitogen (Gibco Laboratories, Grand Island, NY) at a final concentration of 1:200, and Ig production was measured by an enzyme-linked immunosorbent assay technique after 8-10 d in culture as previously described (32) .
Statistical analysis. For comparisons of precursor frequencies of T cell subgroups (data in Tables II and III) , geometric means for each subgroup were compared by subjecting the logged values of the individual experiments to a paired-sample t test. This procedure was used because of the marked variation in the level of response among experiments, and also to stabilize the variation around the (logged) mean (33) . } For comparisons of stimulation indices among groups of T cell clones (data in Fig. 2 ), the geometric means for each group were compared by subjecting the logged values of the individual indices to a two-sample (unpaired) t test (33) . 
Results
Cloning efficiency ofAIDS and normal lymphocytes. Compared to the normal donors, the patients with AIDS had a profound decrease in the number of T4+ and T8+ cells that were able to be clonally expanded. Fig. 1 shows the results of a representative cloning experiment performed under optimal cloning conditions, i.e., in the presence of PHA, and illustrates the markedly reduced numbers of both T4+ The omission of PITA from the cloning cultures decreased the precursor frequencies by an order of magnitude for both AIDS and normal T cells (Tables II B, III B) . However, in all experiments cloning efficiencies for both T4+ and T8+ T cells from patients with AIDS were still greatly reduced compared to cells from normal donors, and under these experimental conditions, the overall cloning efficiencies of both T4+ and T8+ cells from patients with AIDS were reduced by >90% compared to the corresponding cells from healthy donors. Phenotyping of clones by immunofluorescence staining showed that for both AIDS and normal lymphocytes, starting preparations enriched for T4+ and T8+ lymphocytes yielded >95% clones of the same phenotype and all clones exhibited either the T4+ or T8+ phenotype (data not shown). Thus, the procedures for enriching T-cell fractions for either T4+ cells or T8+ cells were effective in preselecting the phenotypes of the cloned cells and provided ample clones of both phenotypes for further analysis.
Of the T4+ clones tested for the Leu 8 marker, 13 of 17 (76%) from normal donors were positive, compared to 8 of 8 (100%) from the patients with AIDS (P > 0.10). For the T8+ clones, the number of Leu 8+ clones was eight of nine from the normal donors and six of six from the patients with AIDS (P > 0.10). Thus, Leu 8 expression on AIDS T4+ and T8+ clones was not statistically different from that on the normal clones.
PHA responsiveness of the clones. PHA responses of the 30 clones tested are shown in Fig. 2 . There was no significant difference between the stimulation indices for T8 clones from patients with AIDS and those from healthy donors in response to PHA stimulation. There was an apparent decrease in PHAinduced proliferation of the AIDS T4+ clones (mean stimulation index = 27) compared to the normal T4+ clones (mean stimulation index = 67); however, this difference was not statistically significant (P > 0.10).
Helper and suppressor function of the clones. All clones studied from both normals and patients with AIDS had the helper or suppressor function that would have been expected on the basis of T4/T8 phenotype. Addition of T4+ clones in graded numbers to B cell-enriched allogeneic responder cells augmented Ig production, whereas addition of T8+ clones in graded numbers resulted in decreased Ig production. In all, 20 clones (12 helper and 8 suppressor) from AIDS patients were tested. A representative experiment involving two helper and two suppressor clones is shown in Fig. 3 . Although Ig production was increased in the presence of small numbers of T8+ cells (Fig. 3 b) , addition of greater numbers of such cells resulted in suppression. Cultures performed in the absence of pokeweed mitogen yielded <100 ng/ml of Ig.
Alloreactivity ofclones. 15 clones from normal donors and 17 from patients with AIDS were tested for alloreactivity against randomly selected allogeneic mononuclear cells. clones demonstrated alloreactivity (data not shown). Thus, alloreactive T cells were present in the patients with AIDS, although their frequency was significantly less than in the normal clones sampled (P = 0.05). Precursor frequencies of lymphocytes from healthy male homosexuals. T4+ and T8+ lymphocytes from healthy male homosexuals had precursor frequencies comparable to lymphocytes from normal heterosexual donors (for T4+, mean = 1:2.1 vs. 1:2.5, respectively; for T8+, mean = 1:3.0 vs. 1: 4.9, respectively) ( Table IV) .
Discussion
The present study has provided the first direct evidence of a functional defect in individual T cells in patients with AIDS. Specifically, viable T cells from patients with AIDS gave rise to -85% fewer T cell clones than T cells from normal donors, and this profound cloning defect in AIDS T cells was present in both T4+ cells (87% reduction in clonable cells) and in T8+ cells (84% reduction in clonable cells). It should be emphasized that the decreased cloning efficiency of T cells from patients with AIDS cannot be attributed to variability in numbers or proportions of circulating T4+ and T8+ cells from patient to patient for two reasons: (a) the proportions of T4+ and T8+ cells in the cloning populations in each experiment were known and were used in calculating precursor frequencies, and (b) under limiting-dilution cloning conditions, the clonability of each T cell is independent of any interacting or cooperating lymphocytes. In addition, because seven of eight patients with AIDS were neither acutely ill nor receiving drug therapy at the time of study, the decreased cloning efficiency of their lymphocytes is unlikely to be related to drug effects or general debilitation.
Therefore, it is most likely that the reduced cloning efficiency of lymphocytes from patients with AIDS reflects an intrinsic defect in their ability to proliferate and expand clonally even though they appear viable by the criterion of trypan blue exclusion. Such a defect could be due to a viral infection, in that certain RNA viruses such as measles and influenza have been demonstrated in vitro to impair proliferative responses of viable lymphocytes (34) . The retroviruses HTLV-III (20, 21) and LAV (22) , which have been isolated from most, if not all, patients with AIDS and AIDS-related syndromes, have been shown to be cytopathic for human T lymphocytes, but (42) . However, it is controversial whether the colonies formed are derived from single progenitor cells (43) . Therefore, it is unclear whether these latter findings reflect qualitative abnormalities of individual lymphocytes in the diseases studied, including AIDS.
The precursor frequencies of both T4 and T8 lymphocytes from healthy volunteers were generally less than one in the present study, in contrast to the results reported by Moretta et al. (24) This study illustrates the feasibility of identifying a functional impairment of individual T cells in a particular subset by purifying specific T-cell subsets and evaluating their ability to expand clonally. This approach may be useful in the delineation of affected T cell subpopulations in AIDS and in other diseases characterized by disordered cellular immunity. The importance of functional studies at the individual cell level is demonstrated by the finding in AIDS of a defect in the T8+ cells, even though the patients studied had only moderately abnormal numbers of T8+ cells and similarly purified T8+ cells in other studies have been found to suppress Ig production normally (11) . Thus, cloning studies appear to detect impairments of T cell function that would be missed by simple numerical enumeration or bulk functional assays. In addition, comparison of cloning efficiencies can yield a quantitative estimate of the number of affected cells, e.g., -85% for both T4 and T8 cells in the present study.
Thus, the present study has demonstrated a functional impairment affecting the great majority of surviving T lymphocytes in the peripheral blood of AIDS patients. Such a qualitative impairment may contribute to the profound immunodeficiency present in patients with AIDS, many of whom have compromised immunity out of proportion to a relatively moderate reduction in T4+ lymphocytes. Further studies of lymphocyte function at the clonal level may help to clarify the nature of the immune defect in patients with AIDS.
